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Abstract—Move-and-charge technology is an emerging 
technology for the Electric vehicle (EV) charging. It can charge 
the EV wirelessly even when the EV is in motion. Therefore, the 
short driving range and long charging time of EVs can be 
satisfactorily solved. In this paper, two main move-and-charge 
technologies, namely the inductive power transfer (IPT) and the 
magnetic resonance coupling (MRC), are quantitatively analyzed 
and compared. By using 3-D finite element method and the 
equivalent circuit models, the magnetic modeling of IPT and 
MRC systems are established. Based on magnetic models of the 
two systems, the output power of primary side/transmitter, 
received power of secondary side/receiver, transmission 
characteristics and efficiencies at different situations, especially 
for the misalignment conditions, are obtained. Finally, based on 
the transmission performances, two technologies are discussed 
and summarized. 
I. INTRODUCTION 
Due to zero emission and low noise pollution, battery 
electric vehicles (BEVs) are increasingly considered as the 
promising candidates for the future transportation 
electrification [1]-[4]. Due to its environmental-friendly merit, 
the rekindling for research in EVs dates back to 1970s. The 
research and development mainly focus on the key 
technologies of EVs: electric machines [5]-[17], electric drives 
[18]-[27] and energy sources [28]-[34]. In addition, BEVs also 
are appealed by both industrial and administrative around the 
world. On one hand, the representative  Tesla Model S 
produced by Tesla motors is reported as the most-loved car in 
America [35]. On the other hand, Chinese government issued 
a policy in 2012 aiming to promoting the pure electric vehicles 
development [36]. However, the on-board battery pack still 
can not provide enough power capacity. One serious 
consequence is the so-called range anxiety that EVs only 
provide less than 100 km driving range per charge, compared 
to around 500 km driving range of internal combustion engine 
(ICE) vehicles. Moreover, the charging time is much longer 
than refueling time for ICE vehicles, even if fast charging 
technology is adopted. For solving these problems, the move-
and-charge (MAC) technology is proposed and developed. 
With the aid of this technology, EVs can be charged during 
motion which is much more promising than the existing 
charging technology only applied in stopping or parking [37]. 
This dynamic charging requires the power to be transferred 
wirelessly other than the conventional conductive charging. 
Fig.1 shows the moving EVs in charging via move-and-
charge technology. With the charging controller, the magnetic 
fields generated by the charging pads buried underneath the 
roadway interact with the charging pad amounted on the 
vehicle chassis. Therefore, the electric power can be delivered 
cordlessly. In addition, the charging pads can be controlled to 
work in active efficiently when a charging order for charging 
is requested. The two major technologies developed in recent 
research on wireless power transfer, the induction power 
transfer (IPT) [38]-[43] and magnetic resonance coupling 
(MRC) [44]-[50], adopt the magnetic field as the media for 
electric power transmission between the primary 
side/transmitter and the secondary side/receiver. Due to 
different operating principles, the working frequencies, 
clearances between the primary side and the secondary side, 
and efficiencies vary from one to the other. 
The purpose of this paper is to quantitatively compare IPT 
and MRC for wireless power transfer in EV dynamic 
charging. To ensure a fair comparison, two wireless power 
transfer systems are designed at the same power rating. The 3-
D finite element method (FEM) will be employed to analyze 
magnetic field of both the IPT system and the MRC system 
under conditions caused by motion, including the magnetic 
flux distribution, transferred power from the primary 
side/transmitter, received power of the secondary side/receiver 
and efficiency under vertical and horizontal separation 
variations. Finally, the two techniques will be discussed and 
summarized. 
 
 
Fig. 1. Move-and-charge technology for EV dynamic charging 
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II. MOVE-AND-CHARGE TECHNOLOGIES 
There are mainly 3 kinds of technology for wireless power 
transfer by relying on electromagnetic field, namely inductive 
power transfer (IPT), magnetic resonance coupling (MRC) 
and microwave power transmission. The former two 
techniques utilize the non-radiative field for the short-range or 
medium-range power transmission and the last one utilize 
radiative field for a long distance power transmission. In this 
paper, only IPT and MRC which are much more suitable for 
EV charging are compared and studied. 
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Fig. 2. IPT based wireless power transfer system. 
 
A. Inductive Power  Transfer 
The initial idea of IPT system derives from the electrical 
power transformer which operates based on Faraday’s law of 
electromagnetic induction. By removing the laminated iron 
core, the contactless power transfer can be achieved. Fig. 1 
shows the structure of an IPT system, two coils of the primary 
side and the secondary side is coupled via the varied magnetic 
field which is very similar to an air-cored power transformer. 
Therefore, the principle and governed equation are also 
similar. Two power sources are the reflected and induced 
voltages in terms of mutual inductance LM for steady state 
analysis. The output power of the system is governed by: 
s
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where Ip is the current flowing in the primary side, Z is the 
angular frequency of the current Ip, Q is the secondary quality 
factor, LM is the mutual inductance, and Ls is the secondary 
inductance. 
In order to increase the transmitted power, the ratio of LM 
and Ls should be improved according to (1). Therefore, iron 
core usually invited such as E-core, U-core or other types. For 
reducing the system size and core loss, the operating 
frequency usually is limited to 100 kHz. 
 
 
Fig. 3. MRC based wireless power transfer system. 
B. Magnetic Resonance Coupling 
Although the principle of IPT system is quiet 
straightforward, the weakness is also obvious: the power 
transmission efficiency and magnetic field coupling greatly 
depends on air-gap length between the power source and the 
load which is variable for MAC application. However, the 
horizontal misalignment is very common for a moving 
vehicle. Therefore, the performance of the charging efficiency 
is discounted. By borrowing mechanical resonance 
phenomenon, the MRC technique was proposed and 
developed which can effectively transfer energy between two 
sides up to several meters.  
Different from the IPT system, MRC transfer power can 
maximize the receiving power via the transmitter coil and 
receiver coil working in same frequency. Fig. 2 shows the 
structure of a MRC system which consists of four coils, 
namely the power source coil, the transmitter coil, the receiver 
coil, and the load coil. Compared to Fig.1, two more coils, the 
transmitter coil and the receiver coil are involved in this 
system. The transmitter coil is inductively coupled to the 
power source coil and the receiver coil is inductively coupled 
to the load coil. The transmitter coil and the receiver coil 
works at the resonance frequency to maximize the transferred 
power. The resonance frequency is given by: 
rrtt CLCL
f SS 2
1
2
1       (2) 
where Ls and Lr are the self inductance of transmitter coil and 
the receiver coil, Cs and Cr are the corresponded compensation 
capacitors of the transmitter coil and the receiver coil. 
TABLE I.  KEY DESIGN DATA OF IPT SYSTEM 
Rated power 1.5 kVA 
Pad diameter 750 mm 
Operating frequency 25 kHz 
No. of turns of primary coil 10 
No. of turns of secondary coil 10 
Vertical offset range 160-200 mm 
Horizontal offset range 0-375 mm 
Load resistance 1 Ө 
 
TABLE II.  KEY DESIGN DATA OF MRC SYSTEM 
Rated power 1.5 kVA 
Operating frequency  12 MHz 
Pad diameter 130 mm 
No. of turns of primary coil 6 
No. of turns of secondary coil 6 
Vertical offset range 160-200 mm 
Horizontal offset range 0-120 mm 
Load resistance 1 Ө 
 
III. PERFORMANCE COMPARISON 
For a fair comparison, two systems are designed for 
transmitting a power rating at 1.5 kVA which meets the level I 
of Standard SAE-J1772 for EV charging. The key design data 
of two systems are given by Table I and Table II. Variation 
range of the vertical offset dv is set based on the clearance 
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between a sedan chassis and the road surface. Variation range 
of the horizontal offset dh is set based on the coupler size. The 
the primary coupler/transmitter is buried under the roadway, 
and the secondary coupler/receiver is mounted under the 
vehicle chassis. The circular shape is adopted for two couplers 
design in both systems, since it has good magnetic field 
coverage in all directions. 
 
 
 
Fig. 4.  Output power of primary side in IPT system at different frequencies. 
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Fig. 5. Magnetic field distribution of MRC system under different situations. 
(a) dv = 160 mm, dh = 0 mm  (b) dv = 160 mm, dh = 375 mm  (c) dv = 180 mm, 
dh = 200 mm  (d) dv = 200 mm, dh = 0 mm  (e) dv = 200 mm, dh = 375 mm.   
 
Other than analysis based on the circuit model [51]-[52], in 
this paper, the magnetic field analysis for two couplers, 
namely the primary coil and the secondary coil for the IPT 
system, and the transmitter coil and the receiver coil for the 
MRC system are carried out. By using 3-D finite element 
method (FEM), magnetic field of two systems can be 
numerically calculated and assessed. Fig. 4 shows the output 
power of the primary side when the two couplers locate at 
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different positions and operates in different frequency. By 
increasing the frequency, the output power also increases 
where the power up to 1100 W can be transferred. Therefore, 
25 kHz is chosen as the operating frequency by maximizing 
the output power and minimizing the core loss. Fig. 5 shows 
the magnetic field distribution for different cases when the 
working frequency is fixed at 25 kHz. Compared with Fig. 
5(a) and (d), it can be found that the magnetic field density 
decreases when the distance of two couplers increase when is 
quite obvious since the air-gap is increased and the reluctance 
is increased consequently. Compared with Fig. 5(b), (c) and 
(c) it can be found that the field distribution is influenced 
greatly by the horizontal offset. The magnetic field 
distribution only concentrates at the overlapping parts of the 
two pads. When the horizontal offset is 375 mm, a little part of 
the secondary coil is coupled with the magnetic field. Fig. 6 
and Fig. 7 show the power consumed by the load varying from 
1100 W to 0.5 W and the power transmission efficiency 
varying from 90% to 5% when the two couplers at the 
different positions. It can be found that the horizontal offset 
influences greatly on the transferred power and its associated 
efficiency. The vertical offset only influence the power 
transfer, but has slightly effect on the power transmission 
efficiency. 
 
 
Fig. 6. Received power of EIT system at different vertical and horizontal 
offsets. 
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Fig. 7. Power transmission efficiency of EIT system at different vertical and 
horizontal offsets. 
 
Using the same analysis method, the magnetic field of the 
MRC system can also be numerically analyzed. Fig. 8 shows 
the output power of the transmitter coil when the two couplers 
locate at different positions and operates in different 
frequencies. It can be found that at the operating frequency, 
the output power is maximized where a power up to 1260 W is 
transferred. However, due to the variation of the coil 
inductance, the series-connected compensation capacitor 
should be adjusted on line for keeping the constant resonance 
frequency. Fig.9 shows the magnetic field distribution for 
different cases when the working frequency is fixed at 12 
MHz. By comparing with Fig. 5, it can be observed that the 
magnetic flux density in MRC system is far smaller than that 
in the IPT system. As shown in Fig. 9(b), (c) and (e), the 
magnetic field distributions are totally covers the two coils. It 
means that the horizontal offset do not effect so much as that 
of the IPT system. Fig. 10 and Fig. 11 show the power 
consumed by the load varying from 1240 W to 260 W and the 
power transmission efficiency which can be kept with in 90% 
when the two couplers at the different positions. It can be 
found that the horizontal offset influences on the transferred 
power, but has little influence on the power transmission 
efficiency. It confirms that the MRC system can realize high 
power transmission efficiency during the MAC operation. 
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Fig. 8.  Output power of primary side in MRC system at different frequencies. 
 
By comparing with the performances of two systems, it 
shows that the IPT system utilize a stronger magnetic field for 
coupling the secondary coil than the MRC system does. 
Therefore, for the safety concerns, the MRC system is better. 
Moreover, the transfer efficiency can be maintained above 
90% all the time in the MRC system, whereas the efficiency 
drops dramatically in the IPT system when the large 
misalignment appears, especially for the horizontal cases. 
However, since it relies heavily on operating frequency, the 
MRC system should maintain the working frequency by 
adjusting the series-connected compensator capacitor 
according to the coil inductance variation. Therefore, the 
control algorithm in the MRC system may be complicated and 
not easy to implement. On the contrary, there is no need to 
adjust the circuit components in IPT system when it is 
determined by initial design. 
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Fig. 9. Magnetic field distribution of MRC system under different situations. 
(a) dv = 160 mm, dh = 0 mm  (b) dv = 160 mm, dh = 120 mm  (c) dv = 180 mm, 
dh = 40 mm  (d) dv = 200 mm, dh = 0 mm  (e) dv = 200 mm, dh = 120 mm. 
 
 
 
Fig. 10.  Received power of MRC system at different vertical and horizontal 
offsets. 
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 Fig. 11.  Power transmission efficiency of MRC system at different vertical 
and horizontal offsets. 
 
IV. CONCLUSION 
This paper has quantitatively compared IPT system and 
MRC system for dynamically wireless charging in EVs. The 
comparison confirms that both two systems are suitable for 
MAC operation and they have their own advantages. In terms 
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of magnetic flux density and power transmission efficiency, 
the MRC system is better than IPT system which can maintain 
a very high efficiency regardless of any offset. However, due 
to its operating principle, the MRC system should keep its 
resonance state on track which needs to on line tune the 
resonance capacitor from time to time. Nevertheless, IPT 
system which utilizes the electromagnetic induction is immune 
to the operating frequency variation. 
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